Abstract Despite the large implications of the use of tropical land for exports (''land absorption'') on ecosystem services (ES) and global biodiversity conservation, the magnitude of these externalities is not known. We quantify the net value of ES lost in tropical countries as a result of cropland, forestland and pastureland absorption for exports after deducting ES gains through imports (''land displacement''). We find that net ES gains occur only in 7 out of the 41 countries and regions considered. We estimate global annual net losses of over 1.7 x 10 12
INTRODUCTION
From 2000 to 2012, 2.3 million square kilometres of forest were lost globally with 32 % of this loss occurring in the tropics (Hansen et al. 2013) . Forest conversion from crop and livestock production accounts for 55 % of forest loss (European Commission 2013) and leads to the loss of a wide range of ecosystem services (ES) (de Groot et al. 2010 ) and high carbon dioxide emissions (Karstensen et al. 2013) . Tropical forests are also both essential for the maintenance of tropical biodiversity (Gibson et al. 2011) and the terrestrial biome with the highest value of ES per unit of area (de Groot et al. 2010 ). As such, conversion due to agricultural expansion in tropical countries poses a threat not only to biodiversity but also to the stability of their ecosystems and the global climate (Karstensen et al. 2013) .
Since the late twentieth century, global trade volume has grown exponentially due, inter alia, to the liberalization of trade policies and decreasing transport costs with technological improvements (United Nations Conference on Trade and Development 2012). International trade produces, in theory, net benefits globally by enabling countries to trade according to their comparative advantage (Ricardo 1817; Andersson and Lindroth 2001) . This creates opportunity for specialization, allowing countries to optimize the use of their natural endowments and productive technologies to increase global agricultural yields (Smith 1776; Andersson and Lindroth 2001; Steen-Olsen et al. 2012 ). As such, global market integration, together with improvement in agricultural productivity, should reduce cropland demand (Lambin and Meyfroidt 2011; Hertel et al. 2014) .
The globalization of agricultural production results in the use of land within a country for the production of exports and the use of land abroad to supply domestic consumption. These processes have been called land absorption and land displacement, respectively (Meyfroidt et al. 2010 ). Here we adopt the perspective of tropical countries and refer to land absorption as land used for exports by the tropical country. We refer to land displaced as the land used elsewhere to produce the goods associated to the imports by tropical countries. Land absorption becomes problematic when economic systems fail to reflect Electronic supplementary material The online version of this article (doi:10.1007/s13280-016-0768-7) contains supplementary material, which is available to authorized users. the actual economic value of environmental systems. ES in biomes such as tropical forests are often not captured by markets. As a result, a market failure occurs whereby the value of ES lost when forests are replaced by other land uses, is not internalized in the price of the traded goods. Subsequently, higher-than-optimal amounts of ES are traded off for agricultural land (Brown and Pearce 1994) . Furthermore, the displacement of the environmental costs from the production of traded goods allows the value of ES lost to be off-shored. This encourages unsustainable levels of consumption in importing countries via a geographic disconnect between consumers and these costs (Lambin and Meyfroidt 2011) .
Attempts to quantify the consequences of market externalities generated from the production of internationally traded goods have resulted in the concept of ecological footprint. An ecological footprint is the area of ecologically productive land, such as cropland, pastureland and forestland, which is required to, inter alia, provide energy, material resources and absorb waste (Wackernagel and Rees 1995; Andersson and Lindroth 2001) . This allows the environmental impacts of products to be traced and attributed back to consumers (Steen-Olsen et al. 2012) .
Tracing the ecological footprint of agricultural imports involves identifying and quantifying the extent of the land used for their production. Since agricultural products require the conversion of biomes to agricultural land, unaccounted ES values and agricultural rents are traded off.
The trade-offs between biodiversity and economic benefits stemming from agricultural land are recognized (Lenzen et al. 2012) , and there have been attempts to calculate the opportunity cost of biodiversity conservation in terms of agricultural benefit lost (Naidoo and Iwamura 2007) . Efforts have also been made to trace ecological footprints embodied in trade with the use of international trade databases such as the Global Trade Analysis Project (GTAP) (Hertel 1997) . This allows constructing multiregional input-output (MRIO) models. MRIO models trace the footprint of biomass and land use associated with trade and have also been used to show a relationship between affluence and land-use displacement (Weinzettel et al. 2013 ). As such, MRIO models make it possible to analyse the effects of trade on the amount of land displaced and absorbed around the world (Meyfroidt et al. 2013; Weinzettel et al. 2013) .
Despite the large biodiversity conservation implications of tropical land absorption, the actual magnitude and spatial distribution of the trade-offs between international trade and ES are unknown. Recent efforts to quantify the economic value of ES in global initiatives such as The Economics of Ecosystems and Biodiversity (TEEB) mean the value of ES forgone in 10 different biomes, including tropical forests, temperate forests, woodlands and grasslands, has been estimated (de Groot et al. 2012) . With the recent availability of global land absorption and displacement estimates (Weinzettel et al. 2013) , it is now possible to estimate the value of ES lost to tropical land absorption due to international trade.
The objectives of this study are to (i) quantify the net value of ES lost in tropical countries from the conversion of four different biomes (tropical forests, temperate forests, woodlands and grasslands) to cropland, forestland and pastureland as a result of land absorption through international trade while deducting ES gains through land displaced by tropical countries through imports; (ii) compare the net ES lost with the estimated gains from agricultural, forests and livestock rents in tropical countries; and (iii) calculate in which countries the value of ES lost is lower than these gains to asses which countries are winners and losers from international trade with respect to ES.
MATERIALS AND METHODS

Overview
There were three main stages to the analysis: In the first stage, the scope of the study was defined, and three scenarios were identified to test the assumptions underpinning the results, such as the proportion of cropland, forestland and pastureland absorbed for export and displaced through imports and the spatial distribution of ES values in both absorbed and displaced land, respectively. Secondly, the ES values of the four main biomes considered (tropical forests, temperate forests, woodlands and grasslands) and the agricultural, forest and livestock rents received from their conversion were calculated (Table 1 shows the datasets used with their resolution). Finally, we compared the value of rent gains from land absorbed for the export of agricultural, forest and livestock products to the value of the net ES lost through trade under the different scenarios. All the maps used were compiled using ArcGIS 10.2.2.
Scope of the analysis
The analysis of land absorption was restricted to the tropical countries and regions for which data on land absorption and displaced were available (Weinzettel et al. 2013 ). This led to 33 countries and 8 regions (Table S2 , S denotes supplementary material). The analysis of land displacement involved all countries and regions with available data from which tropical countries import, leading to 94 countries and 18 regions (Weinzettel et al. 2013) . Land absorbed and displaced data corresponded to year 2004 (Weinzettel et al. 2013) . The crop yield and distribution data were taken from Monfreda et al. (2008) and Ramankutty et al. (2008) .
The top ten crops by value and area under cultivation in the study region and cattle (used as a proxy for livestock) were used to calculate agricultural and livestock rents. This left a list of 17 crops and livestock to be included in the analysis: banana, beans, cassava, cocoa, coconut, coffee, cotton, cowpea, groundnut, maize, millet, oil palm, rice, sorghum, soybean, sugarcane and wheat. Data on the spatial distribution of the four different biomes considered (tropical forests, temperate forests, woodlands and grasslands) were employed to evaluate the potential losses of ES due to agricultural conversion (Ramankutty and Foley 1999) . All economic values were converted to 2014 international dollars (I$) using deflation and purchasing power parity conversion rates (Bureau of Labor Statistics 2010; WHO 2010) .
Scenarios to characterize uncertainty in the location of absorbed land
Because the actual distribution of absorbed land versus land used for domestic production is not known, there is uncertainty regarding the proportion of each biome conversion to absorbed agricultural land. To characterize the potential range of results due to this, three different scenarios were considered:
A. ES net losses from historical land conversion The proportion of biome conversion was based on historical cropland conversion data (Ramankutty and Foley 1999) . This included historical cropland inventory data from 1700 up to 2007 (Ramankutty and Foley 1999; Ramankutty 2012) . The cropland distribution in 1700 was compared with the cropland distribution in 2004 to analyse the proportion of the four biomes that were converted to cropland (Fig. 1) . The cropland distribution map of 1700 was subtracted from the 2004 cropland distribution then clipped using the cropland distribution from the Global Land Cover 2000 (GLC2000) (Bartholomé and Belward 2005) and overlaid with a potential vegetation map (Ramankutty and Foley 1999) , showing the distribution of global biomes ( Fig. 1 ). The 15 vegetation types from the potential vegetation map were reclassified into the four biomes studied (Table S3) , and the proportion of each biome that was converted to cropland in each country was calculated. It was assumed that the proportion of biomes in absorbed cropland was similar to the historical proportion of conversion in each biome. B. ES net losses lower bound This scenario assumed that all the land absorbed did not contain tropical forests. As tropical forests have the highest ES value per hectare as compared to other biomes studied (de Groot et al. 2012) , scenario B sets the lower bound of potential net losses. The proportion of the four biomes in the displaced agricultural land was derived using historical maps similar to scenario A (Ramankutty and Foley 1999) , and the entire proportion of tropical forest was excluded and re-weighed into the remaining three biomes, temperate forest, woodland and grassland. In the case of countries for which the total cropland area in temperate forests, woodland and grassland was lower than the cropland absorbed, the same biome proportions as scenario A were considered (e.g. in Indonesia 96 % of the cropland area occurs in the tropical forest biome, the land absorbed was previously tropical forests. In the case of countries for which the total cropland area in the tropical forest biome was smaller than the land absorbed, the same biome proportions as scenario A were considered.
Cropland absorbed and displaced
Data for cropland absorbed in each country were obtained from Weinzettel et al. (2013) . For countries without country-specific data, we employed the country groups used by Weinzettel et al. (2013) (Table S2 shows the countries included in each group). The proportion of land absorbed in each biome in each group was estimated using a weighted average by area of the proportions of each biome absorbed (estimated in a similar way to scenario A) in each country constituting the group. We translated the data on land absorbed and displaced from Weinzettel et al. (2013) from global hectares into the hectares of each country using yield factors (Ewing et al. 2008) . The national yield factors were derived as the weighted average of the yield factor of each crop considered weighted by the area of each crop involved in exports. The area of exports was obtained through export volumes and average national yields (FAO 2010a). Each yield factor was estimated as the ratio of average yield for each crop globally divided by the yield of such crop in the country (using global yield maps by Monfreda et al. 2008 ).
Estimation of ES net losses from international trade
The annual net value of ES lost per tropical country and region i (netES i ) was calculated as the ES gained through land displaced (ES dis ) minus ES lost due to land absorbed (ES abs ):
where B1-B4 represent the four different types of biomes considered, namely tropical forest, temperate forest, grassland and woodland; P kj represents the proportion of the associated biomes converted to displaced land in country j among all the countries J where imports from country i lead to land displaced; P ki is analogous to P kj but referring to land absorbed in tropical country i; ES k represents the value of ES per hectare associated with biome k per year; A j and A i represent the areas displaced in each country j and absorbed in country i. We considered two types of netES i , those with and without carbon-related ES to represent the perspective of a global planner and the perspective of the tropical countries studied since carbon services produce global benefits not exclusively received by the exporting country. We considered three types of land absorbed and displaced: cropland, forestland and pastureland, leading to three types of ES values. Forgone ES in absorbed cropland value were done according to the proportion of biomes estimated in scenarios A-C. Forgone ES in forestland were estimated considering only the rescaled proportion of tropical forest, temperate forest and woodland biomes absorbed. Absorbed pastureland was assumed to present ES values similar to grasslands.
Gross rents from agricultural, forest and livestock products
Once the net losses of ES were calculated, we added the gross rents obtained from absorbed land to ascertain whether they could compensate for the annual losses of ES.
According to the three types of land absorbed and displaced: cropland, forestland and pastureland, we calculated rents from agricultural, forest and livestock products respectively.
Gross rents from absorbed cropland were approximated from the agricultural rents in the 17 major tropical crops considered. Adopting a conservative approach, and due to the large uncertainty associated with production costs, we assumed that production costs were zero.
The geographic distribution of yields in the 17 crops in year 2000 were compiled from Monfreda et al. (2008) and multiplied by producer prices that were obtained from FAOSTAT (FAO 2010a). The crop prices for countries without available data were approximated using the mean price of the crop by sub-regions and regions (Table S1 ). An average producer price was obtained over a 5-year period from 2001 to 2005 to mitigate the effect of commodity price fluctuations in a single year. Agricultural rent per hectare was calculated using a weighted average of the 17 crops based on the area of the crops used for exports in each country. These areas were estimated by converting the volume of exports in each crop back into areas using crop and livestock yields for each country (using global yield maps by Monfreda et al. 2008) .
Forest rents were approximated using the benefits of sales of timber after land conversion by combining the proportion of growing stock of commercial species and total growing stock by region (FAO 2010b) with price per unit of volume of exported timber by country (FAO 2010a) . This net present value of forest rent value was annualized using a 6 % discount rate and a 20-year time horizon to reflect a conservatively short harvesting cycle (Table S1 ).
We estimated the rent from livestock production using cattle density maps (FAO 2014) and multiplying these with carcass efficiency in each country, meat prices per country and proportion of land that was pasture (Naidoo and Iwamura 2007; FAO 2010a). Regional information was used when prices or carcass efficiency could not be obtained for a country (Table S1 ).
RESULTS
Considering all ES lost through land absorbed and gained through land displaced from the perspective of a global planner (including all ES), international trade in the tropics led to a mean annual global net loss of I$1.7 x 10 12 from scenario A. This estimate ranged from I$1.37 to I$2.52 x 10 12 (scenarios B and C, respectively) when uncertainty in the distribution of absorbed land was considered. If carbonrelated services were not considered, to represent the perspective of tropical nations, the global annual losses were I$1.1 x 10 12 with an uncertainty range of I$0.92-1.42 x 10 12 (scenarios B and C, respectively). Considering the gross rents from agriculture, forest and livestock products in absorbed land, the global annual net losses when considering all ES were reduced to I$1.26 x 10 12 (uncertainty range of I$0.92-2.08 x 10 12 ). If carbon ES were not considered, global losses reduced to I$0.67 x 10 12 (uncertainty range of I$0.47-0.97 x 10 12 ). Although global aggregate estimates point towards net losses of ES, there were marked differences among countries (Figs. 1, 2, 3 ) chiefly driven by the ratio of land absorbed versus displaced and the proportion of biomes associated to these (Tables S1-S6). Unless otherwise stated, we focus now on the results in scenario A, considering all ES (perspective of the global planner) and no deduction of agricultural, forest and livestock rents (Table S1 ). The results for other no carbon and land-use rents scenarios follow in parallel (Tables S2-S6 , Figs. S1-S6). Under this scenario, only 7 out of the 41 countries and regions presented net overall gains of ES through trade. When considering cropland, forestland and pastureland separately, 11, 16 and 18, countries and regions out of 41 presented net gains, respectively (Table S1) .
Large countries such as Brazil, Indonesia, Thailand, India, Malaysia and Vietnam present large losses which represented 79 % of the global ES loss estimate. These countries have in common large areas of absorbed land destined to exports than are much greater than the land displaced through their imports (e.g. Brazil and Indonesia present 70 and 14 millions of global hectares of cropland absorbed and 9.4 and 11 millions of hectares of cropland displaced, respectively, Table S1 ). On a per capita basis, the top countries in terms of net losses were however quite different. The largest net ES losses occurred in Botswana (I$8100 per capita), Malaysia (I$6100 per capita) and Paraguay (I$5787 per capita) that are countries with small populations relative to their large areas of land absorbed.
While most of the land absorbed was associated to the tropical forest biome with high ES values, land displaced corresponded, in large proportion, to countries outside the tropics with low ES values. This led to low overall ES gains through imports, e.g. in the case of Indonesia cropland absorbed and displaced translate into I$98 thousand millions lost and I$31 thousand millions gained, more than proportionally widening the gap between gains and losses with respect to differences in cropland displaced and absorbed (Table S1 ). All countries and regions but Malawi and Vietnam showed a more than proportional widening of the gap between cropland absorbed and displaced when ES were considered (e.g. the ratios of cropland absorbed and displaced for Brazil and Malaysia were 7.48 and 1.48, respectively, and the ratios of ES lost to land absorbed and gained through land displaced were 14 and 3, respectively).
Other countries and regions, by contrast, presented net gains of ES through trade (Figs. 1, 2, 3) . Some of these were Mexico, Caribbean countries, Venezuela, Bangladesh, Senegal and Nigeria (Figs. 1, 2, 3 ). These countries have in common smaller areas of land absorbed than the areas they displace through trade (e.g. 7, 3 and 2 millions Table S1 ). The inclusion of gross rents obtained from agricultural, forest and livestock products was not able to compensate the net losses of ES through trade in most cases (Fig. 3) . The country exceptions were Colombia, Guatemala, Mozambique and Peru that were characterized by low net ES lost and high agricultural, forest and livestock rents able to compensate these net ES losses (Table S1 ).
About half of the countries and regions presented inconsistencies in the direction of ES gains or losses across cropland, forestland and pastureland absorbed (Figs. S1-S6 ), i.e. countries such as Colombia, Ecuador and Ethiopia presented net losses through cropland absorbed and displaced but net gains through forestland, reflecting marked differences in agricultural and forest products exports, imports by countries and their corresponding rents (Figs. S1-S6 ).
DISCUSSION
Our results show large economic losses resulting from the loss of ES due to land absorbed in tropical nations. These Two types of scenarios are considered: one that considers net ES losses (displaced minus absorbed, ''Net ES'') and one that adds agricultural, forest and livestock rents to the net losses of ES (''Net ES ? AR''). Error bars correspond to scenarios B and C, and circles correspond to scenario A imports through land displaced in the majority of the tropical countries analysed. These net ES losses are neither compensated by gains in agricultural, forest and livestock rents in most countries even if carbon-related ES (a large proportion of the ES values of tropical forests) are not considered. Most countries that presented top net losses such as Brazil, Thailand, India, Vietnam and Indonesia were countries with large areas of land absorbed and, in comparison, small areas of land displaced. This suggests that the global demand in agricultural and forestry products leads to the conversion of large tracks of tropical forests with high ES values in export-oriented tropical countries. The lack of compensation of ES loss by agricultural, forest and livestock rents suggest that, due to diminishing marginal returns, these countries may be converting increasingly less optimal land for agriculture at the expense of high valuable land for ES.
Countries presenting large net losses were typically export-oriented countries supplying large volumes of agricultural products and timber to temperate high-income countries and emerging economies. For instance, 13, 8 and 8 % of the trade footprint in Brazil and 21, 16 and 7 % in Indonesia corresponded to the USA, Germany and China, respectively (Weinzettel et al. 2013) . These countries are also characterized by a large area of their tropical forest biome converted to agriculture and by large agri-businesses being a major driver of deforestation. The opposite was found in the majority of African countries where smaller net losses or even net gains (e.g. Senegal, Nigeria) were estimated from land absorbed minus displaced. Countries with net gains presented, by contrast, large areas of land displaced, smaller areas of land absorbed and higher imports from neighbouring tropical countries.
An example of region where large agri-businesses drive deforestation is Southeast Asia where oil palm, pulp and paper companies expand via large forest concessions that are granted by governments (Sandker et al. 2007; Abood et al. 2014) . Similar patterns used to be common in Brazil, where large-scale farms utilized 50 % of the deforested area, while small farms accounted for only 1.5 % (Chomitz and Thomas 2001) . These patterns seem however to have reversed due to the effectiveness of command and control policies on large plantations (Godar et al. 2014) . Teasing out exactly which type of actors are behind land absorbed as opposed to supplying the domestic market presents high uncertainty and should be a matter of future research. Satellite image analyses combined with agricultural census data may allow identify the type of actors driving deforestation (Godar et al. 2014) , but ascertaining whether the products are destined to the international market or not would still require further technical developments.
Although scaling-up the value of ES from the TEEB dataset to quantify the total economic value of ES lost involves strong caveats such as ignoring the heterogeneous distribution of the value of ES (Turner et al. 1998) , it is also important to illustrate the magnitude of the problem (Costanza et al. 2014) . Our results on ES lost from absorbed minus displaced agriculture amount to I$1.7 x 10 12 (uncertainty range of I$1.34-2.52 x 10 12 ) per year which is between 8 and 40 % of the total value of ES lost per year through land-use change as estimated in a previous global study (Costanza et al. 2014) . This suggests that landuse absorption due to international trade in the tropics is a substantial contributor to terrestrial ES loss globally.
The large losses from absorbed agricultural land in many tropical countries indicate that many agricultural, timber and livestock goods are severely under-priced, confirming the presence of large externalities borne by tropical countries for the consumption by high-income and emerging non-tropical nations (Dasgupta and Ehrlich 2013) . This is the result of tropical countries bearing land absorption in areas with high forgone ES values while importing products in displaced areas with much lower ES value in temperate regions. As a result, an uncompensated transfer of ES values from tropical countries to temperate high-income countries takes place, i.e. tropical exporters are subsidizing consumption for temperate high-income countries.
To correct the market failure by including the externalities through the ES values lost into the price of agricultural products, the price would need to increase considerably for some products. For instance, conservatively, it would cost importers an additional sum of I$140 thousand millions per year to compensate for the loss of ES (excluding carbon services) in Brazil (after deducting ES gained through imports and agricultural, forest and livestock rents). Distributing this cost by the area of land absorbed and considering average yields, commodities such as soybean in Brazil would require an ''ES'' price premium of 280 % of its price in 2004 per ton. In Indonesia, internalizing ES under the same scenario would cost importers a lower gross sum of I$6 thousand millions per year (due to higher displaced land in Indonesia from other tropical countries). Oil palm, one of the key exported commodities in Indonesia, would require a 5 % increase in price to internalize the value of ES lost. Consumers could potentially be willing to pay these ''ES price premiums'' for agricultural products in Indonesia. For instance, although the premium for certified sustainable palm oil was less than 1 % over the market price for crude palm oil (Paoli et al. 2010) , the willingness to pay for tiger-friendly margarine ranged from 37 to 56 % (Bateman et al. 2010) , and a recent study suggests willingness to pay of 8-10 % for palm oil deforestation-free products by Singaporean consumers (Giam et al. 2015) .
One of the limitations of our research is that we used spatially implicit values of ES. Future research should aim to use spatially explicit values of ES, which may present lower values per hectare because spatial meta-analytical models can correct for sampling bias towards high ES value sites (Carrasco et al. 2014) , a correction that is not possible using the direct benefit transfer techniques employed in the spatially implicit scenarios used. Paucity of spatially explicit maps of economic value of ES for all biomes prevented us from employing this approach, which could lead to an overestimation of the value of ES by 7-28 % (Carrasco et al. 2014) . The use of meta-analytic methods can also avoid some of the biases generated when using homogeneous ES values. For instance, the type of valuation method used, accessibility of the forest (the presence of beneficiaries is necessary for the value of the ES to be realized), scarcity of the service, spatial configuration and size of the ecosystem can all influence the value of the ES across space (Boyd and Banzhaf 2007; Polasky and Segerson 2009) . It should also be noted that our analyses were restricted to economic values, leaving aside the intrinsic value of biodiversity, and cultural and health values of ES that cannot be easily captured using economic valuation techniques. Given the global importance of tropical forests for biodiversity conservation (Gibson et al. 2011) , our results are thus likely to be underestimating the impacts of absorbed land in the tropics.
Relatedly, due to the high uncertainty associated to production costs, especially regarding machinery, labour, fertilizer and pesticide inputs, we could not incorporate agricultural production costs effectively and instead assumed them to be zero. This assumption makes our analysis of the degree of compensation of ES losses by agriculture conservative, i.e. if production costs were included, the ratio of ES losses to agricultural benefits would be even higher. It overlooks, however, the differences between countries (especially between intensive agricultural production and extensive smallholder systems) in the net benefits from agricultural activities. These differences may be large, as the benefit to cost ratios of agricultural activities will vary by country as a function of economies of scale, level of inputs (such as fertilizer and seeds), labour and transport costs.
Similarly, our analysis, using global maps (homogeneous in terms of ES), is not able to capture the food security, employment and social benefits derived through forest conversion in local communities. Even though conversion of forests to agriculture generates large net aggregate losses in countries like Brazil or Indonesia, studies on the ground that evaluate the fine-grain socio-economic implications of forest conversion to agriculture in specific communities would be needed to further support governments in the evaluation of social trade-offs between agriculture and forests. Another limitation is that we used historical conversion to cropland since 1700 to ascertain the potential distribution of land absorbed. This ignores how ES values changed through time using only the contemporary values of ES across all the absorbed land.
CONCLUSION
Our analyses point towards severely under-priced agricultural commodities implying high environmental costs in the form of ES losses that are largely borne by tropical countries, i.e. tropical nations subsidize the consumption of importing nations. Without incorporating these costs into the international trade of agricultural and forestry commodities produced in the tropics, beyond optimal deforestation levels will continue. Our results thus question the capacity of international trade to reflect the true value of tropical products, demonstrating that international trade leads to large net losses of ES that are not compensated by imports nor agricultural, forest and livestock rents.
